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(57)Abstract: 

PROBLEM TO BE SOLVED: To extremely heighten an 
etching speed of a magnetic thin film using a mixed gas 
of carbon monoxide with ammonia and to make it 
possible to make this kind of technology practicable for 
production of a thin film magnetic head and the like. 
SOLUTION: A gaseous mixture of carbon monoxide gas 
and ammonia gas is introduced to a treating chamber 2 
by means of a gas introducing system 3 and plasma of 
these gases is formed by a plasma source 1 forming 
helicon wave plasma. On a surface of a target 9 made of 
a magnetic material consisting of nickel, iron and cobalt 
and an alloy, a nitride and an oxide containing at least 
one metal selected from these metal elements or an 
intermetallic compound containing at least one metal 
selected from these metal elements, carbonyl compounds are formed by reactions with 
carbon monoxide and etching is carried out by evaporation of the carbonyl compounds. The 
plasma has >1*1011 cm-3 density and a large quantity of carbon monoxide gas having large 
mass is ionized and incident on the surface of the target 9. Thereby the etching speed is 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An etching method of a magnetic material characterized by forming plasma of mixed gas of 
ammonia and a carbon monoxide in space which overlooks the surface of an object which is the 
magnetic material which consists of nickel, iron, cobalt, an alloy that contains at least one among these, 
a nitride, an oxide, or an intermetallic compound containing these at least one by three or more 
[ 1x1011 cm-] densities, and etching the surface which is said magnetic material. 
[Claim 2] A plasma etching system characterized by providing the following A processing chamber 
equipped with an exhaust air system A gas feed system which mixes and introduces ammonia gas and 
carbon monoxide gas in a processing chamber A source of the plasma which supplies energy to 
introduced gas and forms plasma of these gas by three or more [ 1x101 1cm - ] densities An object 
electrode holder which holds an object whose surface is nickel, iron, cobalt, an alloy that contains at 
least one among these, a nitride, an oxide, or the magnetic material with which it consists of an 
intermetallic compound containing these at least one in a location where the surface is etched by said 
plasma 

[Claim 3] Said source of the plasma is a plasma etching system according to claim 2 characterized by 
being what forms helicon wave plasma. 

[Claim 4] Said source of the plasma is a plasma etching system according to claim 2 characterized by 
being what forms magnetron discharge plasma. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the etching technology used 
suitable for especially manufacture of the thin film magnetic head about the etching technology of a 
magnetic material. 
[0002] 

[Description of the Prior Art] The technology which etches a magnetic material is important technology 
in manufacture of the thin film magnetic head carried in a magnetic disk drive etc. Many frame plating 
is used in manufacture of the thin film magnetic head. Drawing 4 is drawing explaining frame plating as 
conventional technology. First, the frame resist 901 is formed in the surface of a substrate 90 by the 
predetermined pattern ( drawing 4 (1)), and a magnetic thin film 902 is formed by plating to the frame 
resist 901. ( Drawing 4 (2)) . And as the magnetic thin film 902 inside the frame resist 901 is covered, 
the up resist 903 is formed ( drawing 4 (3)). Wet etching is carried out with an etching reagent in this 
condition, the magnetic thin film 902 of the outside of the frame resist 901 is removed, and that Gokami 
section resist 903 and the frame resist 901 are exfoliated. Consequently, the magnetic thin film 902 of a 
predetermined pattern is obtained ( drawing 4 (4)). 

[0003] To such frame plating, the limit is pointed out by making detailed-ization of the thin film 
magnetic head accompanying the densification of a magnetic disk into a background. Although a thick 
frame resist needs to be formed of frame plating, it is because the formation becomes difficult by the 
detailed pattern. 

[0004] Etching a magnetic thin film directly by the dry etching method, and obtaining the magnetic thin 
film of a predetermined pattern is examined under such circumstances. One method is the method of 
making carry out incidence of the ion to a magnetic thin film, and etching it into it. For example, 
incidence of the ion can be carried out from the plasma of argon gas, or it is possible to irradiate the ion 
beam of an argon and to etch it. However, such a method is physical etching and is bad. [ of the 
selectivity over other materials, such as a substrate and a mask, ] Moreover, generally an etch rate is also 
low and has a problem in respect of productivity. 

[0005] Then, applying reactive ion etching (Reactivelon Ecthing, RIE) to etching of this kind of 
magnetic material is examined as chemical etching. Etching of the magnetic material by RIE is reported 
by J.Vac.Sci.Technol.A4 (4), 1841 (1986), and Appl.Phys.Lett.67(21) and 3194 (1995), for example. 
However, in these reports, an etch rate is as low as the following by 10nm/. 

[0006] Recent years come and the example from which a part for etch rate/of 300nm of a nickel-Fe alloy 
was obtained is reported by by using chlorine gas for Appl.Phys.Lett.71(9) 1255 (1997) etc. However, 
by etching of the magnetic material by chlorine gas, the problem of the corrosion by chlorine remaining 
to an after corrosion, i.e., the surface, tends to occur. Although an after corrosion can be prevented by 
processing washing with water after etching etc., it has the problem on which a routing counter 
increases. 

[0007] The method indicated by the patent No. 2677321 official report is one of those use neither the 
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chlorine leading to an after corrosion, nor a fluorine. In this official report, it is supposed by using the 
gas which mixed ammonia (NH3) with the carbon monoxide (CO) that a part for etch rate/of 24.4nm of 
a part for /and the etch rate Co-Cr alloy of 35nm of a nickel-Fe alloy was obtained, respectively. 
[0008] 

[Problem(s) to be Solved by the Invention] As mentioned above, it is CO and NH3. It is possible to etch 
the magnetic thin film which consists of nickel suitable for the thin film magnetic head etc., Co, or Fe, 
without causing the problem of an after corrosion by using mixed gas. However, the etch rate is about 
24-35nm/minute, and is still low. It is necessary to etch thickness of no less than 2 micrometers in 
manufacture of the thin film magnetic head. Therefore, the present etch rate will take the time amount 
for about 50-80 minutes, and it is count still far from utilization. This invention is accomplished in 
consideration of such a condition, makes it possible to etch at a high speed far exceeding the present 
condition in etching of the magnetic thin film using the mixed gas of CO and NH3, and has technical 
meaning of opening the way of utilization of this kind to manufacture of the thin film magnetic head etc. 
of technology. 
[0009] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, invention of 
this application according to claim 1 forms plasma of mixed gas of ammonia and a carbon monoxide in 
space which overlooks the surface of an object which is the magnetic material which consists of nickel, 
iron, cobalt, an alloy that contains at least one among these, a nitride, an oxide, or an intermetallic 
compound containing these at least one by three or more [ 1x101 1cm - ] densities, and has a 
configuration of etching the surface which is said magnetic material. In order to solve the above- 
mentioned technical problem, moreover, invention according to claim 2 A processing chamber equipped 
with an exhaust air system, and a gas feed system which mixes and introduces ammonia gas and carbon 
monoxide gas in a processing chamber, A source of the plasma which supplies energy to introduced gas 
and forms plasma of these gas by three or more [ 1x1011 cm-] densities, The surface Nickel, iron, 
cobalt, an alloy that contains at least one among these, a nitride, or an oxide, Or it has a configuration of 
having an object electrode holder which holds an object which is the magnetic material which consists 
of an intermetallic compound containing these at least one in a location where the surface is etched by 
said plasma. Moreover, in order to solve the above-mentioned technical problem, invention according to 
claim 3 has a configuration that said source of the plasma is what forms helicon wave plasma, in a 
configuration of above-mentioned claim 2. Moreover, in order to solve the above-mentioned technical 
problem, invention according to claim 4 has a configuration that said source of the plasma is what forms 
magnetron discharge plasma, in a configuration of above-mentioned claim 2. 
[0010] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of the invention in this application is 
explained. First, the operation gestalt of invention of claim 2 and claim 3 is explained. Drawing 1 is the 
transverse-plane cross section showing the outline configuration of the plasma etching system which is 
the operation gestalt of invention of claim 2 and claim 3. 

[001 1] The plasma etching system shown in drawing 1 is equipment which etches the surface of an 
object by the helicon wave plasma. The helicon wave plasma attracts attention as what can form the 
plasma of high density also by the comparatively low pressure. Although the mechanism of the energy 
transfer in the helicon wave plasma has the place which is not sufficiently clear, it is thought that the 
plasma is formed by kinetic energy being given to an electron from a RF according to the phenomenon 
called Landau damping. That is, since it is the same as it saw from the electron and the helicon wave has 
stopped when the speed of the electron which moves while rotating by the magnetic field is equal to the 
phase velocity of a helicon wave, it is continuously accelerated from a helicon wave, an electron absorbs 
energy, and the plasma of high density is formed of this. 

[0012] When the configuration of equipment is explained concretely, the equipment shown in drawing 1 
is CO and NH3 in the source 1 of the plasma which generates the helicon wave plasma, the processing 
chamber 2 which the plasma which the source 1 of the plasma generated diffuses, and the processing 
chamber 2. It mainly consists of object electrode-holder 4 grades which hold the object 9 of etching in 
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the gas feed system 3 which introduces mixed gas, and the predetermined location in the processing 
chamber 2. 

[0013] The source 1 of the plasma consists of RF generator 13 for plasma which generates the high- 
frequency power supplied at the antenna 12 which carries out induction of the helicon wave, and an 
antenna 12 in the dielectric container 1 1 airtightly connected as the building envelope was open for free 
passage to the processing chamber 2, and the dielectric container 11, and magnet 14 grade which sets up 
a predetermined magnetic field in the dielectric container 1 1. An end is a opening, and the dielectric 
container 1 1 is the member of the shape of a cylinder which the other end has closed in the shape of a 
semi-sphere, and is formed with the quartz etc. The opening is prepared in the upper wall section of the 
processing chamber 2, and as the opening of the end of the dielectric container 1 1 and the opening of 
this upper wall section are made to open for free passage, the dielectric container 1 1 is airtightly 
connected to the processing chamber 2. 

[0014] The thing which RF generator 13 for plasma makes generate a 13.56MHz RF is used. An antenna 
12 is the configuration almost in a circle which the cylindrical or band-like member was rounded off 
[ configuration ], and made a little both ends estrange, and it is arranged on the dielectric container 1 1 
and the same axle so that the dielectric container 1 1 may be surrounded. The antenna 12 is formed in 
two shaft orientations of the dielectric container 11, and both both ends are electrically connected with 
the junction rod 121, respectively. 

[0015] The high periphery power supply 13 for plasma and the antenna 12 are connected through the 
non-illustrated adjustment machine by transmission line 15 like a coaxial cable. When the RF which RF 
generator 13 for plasma generated is supplied to two antennas 12 by the transmission line 15, at two 
antennas 12, the current of the reverse sense flows mutually. Consequently, induction of the helicon 
wave (circularly-polarized wave of the right-handed rotation same here as a whistler wave) is carried out 
to the interior of the dielectric container 1 1. in addition, alienation of two antennas 12 - the gap is 
selected so that the phase velocity of a helicon wave may become the optimal in relation with electronic 
passing speed. 

[0016] Moreover, a magnet 14 is for setting up a magnetic field parallel to the travelling direction of a 
helicon wave in the dielectric container 11. Magnetic field strength is made into about 100 gauss near 
the medial axis of the dielectric container 11. With this operation gestalt, a magnet 14 is an 
electromagnet and is formed on [ two ] the same axle. The lateral magnet 14 is mainly formed for the 
inside magnet 14 for adjustment of a magnetic field configuration for helicon wave plasma formation. 
[0017] A gas feed system 3 is the bomb 31 which accumulated CO gas, and NH3. It mainly consists of a 
bulb 33 prepared on the piping 32 which connects the bomb 31 which accumulated gas, each bomb 31, 
and the processing chamber 2, a flow regulator 34, a non-illustrated filter, etc. CO gas and NH3 Each 
flow regulator 34 can adjust now the mixing ratio and flow rate of gas. The processing chamber 2 is the 
airtight vacuum housing equipped with the non-illustrated gate valve. The exhaust air system 21 
attached to the processing chamber 2 is equipped with a diffusion pump, a turbo molecular pump, etc., 
and is constituted possible [ exhaust air of the inside of the processing chamber 2 ] to the predetermined 
ultimate-pressure force. 

[0018] As shown in drawing 1 , many magnets 22 for side walls are formed in the outside of the side 
wall of the processing chamber 2. the magnets 22 for side walls differ mutually with the magnets which 
the magnetic pole of the field which faces the side wall of the processing chamber 2 adjoins — as — 
****** — a large number are put in order and it is arranged. With these magnets 22 for side walls, a 
cusp field is stood in a row and formed in a hoop direction in accordance with the inside of the side wall 
of the processing chamber 2. Consequently, diffusion of the plasma to the inside concerned is prevented. 

[0019] Moreover, the thing tabular in an object 9 is assumed with this operation gestalt. The object 
electrode holder 4 is the member of the shape of a base which lays such an object 9 in the upper surface, 
and holds it. RF generator 5 for bias for impressing self-bias voltage to an object 9 is formed in the 
object electrode holder 4. For this RF generator 5 for bias, a thing with a frequency of several MHz to 
about several 10MHz is used, and it is constituted so that the self-bias voltage which is negative in one 
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direction flowed voltage may be impressed to the surface of an object 9 by the interaction of the plasma 
and a RF. Frequency (1.6MHz and about 13.56MHz) of a thing is more specifically suitably usable as 
RF generator 5 for bias. In addition, for impression of self-bias voltage, an object 9 needs to be insulated 
from a ground in direct current, and, for this reason, a capacitor may be arranged between RF generator 
5 for bias, and the object electrode holder 4. In the object electrode holder 4, the temperature control 
device 41 which controls the temperature of an object 9 to a predetermined value is established, heating 
or cooling an object 9. And the gas supply system for heat conduction which is not illustrated [ which 
supplies the thermally conductive good gas of helium etc. between an object 9 and the upper surface of 
the object electrode holder 4 ] is established. 

[0020] Next, it serves also as explanation of the operation gestalt of invention of the etching method of 
the magnetic material of claim 1, and actuation of the equipment of the above-mentioned configuration 
is explained. First, the surface of an object 9 serves as a magnetic material which consists of nickel, iron, 
cobalt, the alloy that contains at least one among these, a nitride, an oxide, or the intermetallic 
compound containing these at least one. Such an object 9 is located in the vacuum auxiliary chamber 
which is not illustrated [ which is exhausted by the predetermined pressure ]. if it checks that the until 
[ comparable ] exhaust air of the inside of the processing chamber 2 is carried out by the exhaust air 
system 21 with the vacuum auxiliary chamber, a non-illustrated gate valve will open, an object 9 will be 
carried in in the processing chamber 2, and it will be held at the object electrode holder 4. An object 9 is 
maintained by predetermined temperature according to the temperature control device 41. 
[0021] Next, a gas feed system 3 operates and they are CO gas and NH3. Gas is introduced in the 
processing chamber 2 by a predetermined mixing ratio and a predetermined flow rate. The introduced 
gas is diffused in the dielectric container 1 1 via the inside of the processing chamber 2. And the source 1 
of the plasma operates and the plasma is formed. That is, a RF is supplied to an antenna 12 from RF 
generator 13 for plasma, and as mentioned above, induction of the helicon wave is carried out. 
Consequently, the energy of a helicon wave is given to gas and the helicon wave plasma is formed. RF 
generator 5 for bias is operated to coincidence, and the self-bias voltage which is negative in one 
direction flowed voltage is given to an object 9. 

[0022] The formed plasma is diffused in the processing chamber 2 from the dielectric container 11, and 
reaches even near the surface of an object 9. Under the present circumstances, the surface of an object 9 
is etched by operation of the product in the plasma. After performing predetermined time etching and 
exhausting the inside of a stop and the processing chamber 2 for actuation of a gas feed system 3, the 
source 1 of the plasma, and RF generator 5 for bias again, an object 9 is taken out from the processing 
chamber 2. 

[0023] The mechanism of etching in the above-mentioned actuation is explained concretely. CO and 
NH3 which were mentioned above The active species of CO is generated in the plasma which consists 
of mixed gas. this CO active species — nickel of the surface of an object 9, Fe, or Co — reacting — nickel 
(CO)4 and Fe (CO)5 or Co2 — 8 A carbonyl compound [ like ] arises. On the other hand, from the 
plasma, ion is pulled out by the surface of the object 9 with which self-bias voltage is given, and carries 
out incidence to it. A surface carbonyl compound evaporates by the impact of this ion incidence. 
[0024] Generally transition metals, such as nickel, iron, and cobalt, are difficult for etching at sufficient 
speed also by reactant etching. That is, since volatility is low (maximum vapor tension is low) or 
binding energy is large, the chlorides or fluorides of transition metals, such as nickel, iron, and cobalt, 
cannot be easily etched, even if it produces a chloride and a fluoride using chlorine-based gas or fluorine 
system gas. In addition, the "binding energy" which made reference here means the thing of the binding 
energy which works between the molecules of the compound of such transition metals. 
[0025] On the other hand, a carbonyl compound is one of a few volatile high (or binding energy is 
small) compounds also in the compound of these transition metals. As mentioned above, the surface of 
the magnetic material with which the carbonyl compound was generated by CO active species 
evaporates by the incidence of the ion in the plasma. According to such a mechanism, etching in the 
equipment and the method of this operation gestalt is accomplished. In addition, evaporation of the 
carbonyl compound in this case also has the what case can be called sputter etching, and is considered 
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[ that it is heated by the energy only given by ion incidence, and may evaporate, and ]. 

[0026] Moreover, NH3 mixed by CO gas Gas has the operation which promotes generation of the 

carbonyl compound by the above-mentioned CO active species. Although CO active species is 

generated in the plasma as mentioned above, and a carbonyl compound is formed on the surface of a 

magnetic material of this, as shown in the following formulas (1), in the plasma, the disproportion 

reaction which CO decomposes into carbon and a carbon dioxide advances. 

2 CO->C+C02 .... (1) 

Mixed NH3 Gas has the work which controls the disproportion reaction of this formula (1). CO active 
species can be generated to abundance, without losing CO, as a result of controlling disproportion 
reaction. Thereby, etching of a high speed mentioned above is maintained. 

[0027] In the above-mentioned actuation, the source 1 of the plasma forms the helicon wave plasma, and 
the plasma density has become three or more [ 1x101 1cm - ]. This configuration is due to the research 
result of the artificer who inquired about the relation of the etch rate and plasma density in this kind of 
etching. This point is explained below. Drawing 2 is drawing showing the experimental result 
investigated about the relation between an etch rate and plasma density. In the experiment shown in this 
drawing 2 , the equipment shown in drawing 1 was used and the nickel-Fe alloy was etched as a 
magnetic material. The output of RF generator 13 for plasma of the pressure in the processing chamber 
2, a quantity of gas flow, and the source 1 of the plasma etc. was adjusted, and plasma density changed 
it. Moreover, plasma density measured the value in a location with a height of 20mm by the Langmuir 
probe from the surface of an object 9 on the medial axis of an object 9 in the equipment shown in 
drawing 1 . 

[0028] in addition, if plasma density changes, even when the frequency and the output of RF generator 5 
for bias are the same, the magnitude of self-bias voltage will change. Since self-bias voltage brings 
about the electric field for ion incidence, if self-bias voltage changes, the strength of the ion 
bombardment of the surface of an object 9 will also change. In order to investigate purely what kind of 
effect change of plasma density has on an etch rate, the strength of an ion bombardment must be made 
regularity. Since it was such, plasma density is changed adjusting the output of RF generator 5 for bias, 
and it was made to become fixed self-bias voltage irrespective of change of plasma density in the 
experiment shown in this drawing 2 . 

[0029] The etch rate is rising rapidly bordering on plasma density 1x101 lcm-3 as notably shown in 
drawing 2 . The cause of this point is imagined to be a thing in the condition of the plasma changing 
bordering on plasma density 1x101 lcm-3. That is, it is guessed that it is because CO ion with big mass 
becomes [ many / by leaps and bounds ] bordering on plasma density 1x101 lcm-3. 
[0030] When are explained more concretely and the plasma is formed of the source 1 of the plasma 
which was mentioned above, all the introduced gas has not plasma-ized (it ionizes into ion and an 
electron), and the inert gas molecule of a considerable number exists. If energy which the output of RF 
generator 13 for plasma is raised, and supplies it is made [ many ], the gas to ionize will increase, 
plasma density will become high, and the part and an inert gas molecule will decrease. Here, it is NH3 
with ionization energy low while there is little supply energy. Gas ionizes dominantly. And if supply 
energy increases, it also comes to ionize many high CO gas of ionization energy. CO is NH3. The 
energy at the time of carrying out an ion bombardment, since mass was large is also NH3. It is high. It is 
guessed that it is the result of the incidence of CO ion with high mass increasing rapidly that an etch rate 
rises rapidly bordering on plasma density 1x101 lcm-3. The equipment and the method of this operation 
gestalt are considered as the configuration which etches by forming three or more [ 1x101 1cm - ] high 
density plasma based on the result of such an experiment. For this reason, compared with the former, an 
etch rate improves by leaps and bounds, and serves as a practical configuration which can also etch a 
thick magnetic thin film in a short time. 

[0031] In addition, although being attained on the surface of an object 9 is desirable as for 3 more than 
[ 1x101 lcm plasma density to ] conditions, since it will be in the so-called condition of a sheath between 
the surface of an object 9, and the plasma, the plasma must have been spread in semantics strict to the 
surface of an object 9. therefore, 3 more than [ 1x101 lcm plasma density to ] conditions - distance 
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detached building ****** more than the thickness of the surface of an object 9 to a sheath -- ** — it will 
say. In the practical configuration of this kind of equipment, the place of 20mm or more does not usually 
go into the field of a sheath from the surface of an object 9. Therefore, it is also possible to, set up the 
conditions 20mm or more of 1x101 1cm plasma density to more than [ 3 ] by the way from the surface of 
an object 9. Moreover, about the temperature of the object 9 under etching, it is desirable to consider as 
130 degrees C or more. It is because a residue (particulate matter which remained without being etched) 
will generate after etching termination of predetermined time on the surface of an object 9 if lower than 
130 degrees C. 

[0032] Next, the plasma etching system which is the operation gestalt of invention of claim 2 and claim 
4 is explained. Drawing 3 is the transverse-plane cross section showing the outline configuration of the 
plasma etching system which is the operation gestalt of invention of claim 2 and claim 4. 
[0033] The equipment shown in this drawing 3 etches by forming the magnetron discharge plasma. 
When it explains concretely, the equipment shown in drawing 3 is CO and NH3 in the source 1 of the 
plasma which generates the magnetron discharge plasma, the processing chamber 2 which the plasma 
which the source 1 of the plasma generated diffuses, and the processing chamber 2. It mainly consists of 
object electrode-holder 4 grades which hold an object 9 in the gas feed system 3 which introduces mixed 
gas, and the predetermined location in the processing chamber 2. The source 1 of the plasma mainly 
consists of a magnetron electrode 16 and a power supply 17 for discharge which voltage is impressed 
[ power supply ] to the magnetron electrode 16 and produces magnetron discharge. 
[0034] The magnetron electrode 16 consists of an electrode board 18 formed so that the object electrode 
holder 4 might be countered, and a magnet unit 19 prepared behind the electrode board 18. The magnet 
unit 19 consists of yokes 193 which connect the main pillar-like magnet 191, the circumference magnet 
192 of the shape of a periphery which encloses the main magnet 191, and the main magnet 191 and the 
circumference magnet 192. In addition, the electrode board 18 may not be formed but the magnetron 
electrode 16 may consist of only magnet units 19. An RF generator or negative DC power supply is used 
for the power supply 17 for discharge. Between the main magnet 191 and the circumference magnet 
192, the magnetic field represented with the line of magnetic force 194 as shown in drawing 3 is set up. 
This magnetic field and the electric field set up according to the power supply 17 for discharge cross at 
right angles, and magnetron structure is attained. The orthogonality relation of a magnetic field and 
electric field is in the condition which stood in a row in the shape of a periphery around the shaft of the 
magnetron electrode 16. 

[0035] When actuation of the equipment shown in drawing 3 is explained, they are CO gas and NH3 by 
the gas feed system 3. The source 1 of the plasma is operated introducing gas in the processing chamber 
2 by a predetermined mixing ratio and a predetermined flow rate. That is, predetermined voltage is 
impressed to the electrode board 18 according to the power supply 17 for discharge. Consequently, 
discharge arises in the introduced gas. Under the present circumstances, an electron carries out 
magnetron movement, is efficient and makes an inert gas molecule ionize by the orthogonality relation 
of a magnetic field and electric field. Of this discharge, gas plasma-izes and the magnetron discharge 
plasma is formed. And a carbonyl compound is formed in the surface of an object 9 the same with 
having mentioned above of CO active species generated in the plasma, and this carbonyl compound 
evaporates by the ion bombardment. Under the present circumstances, self-bias voltage is given to an 
object 9 by RF generator 5 for bias, and ion carries out incidence to the surface efficiently. 
[0036] Also in this second operation gestalt, plasma density is three or more [1x1011 cm-], and in 
order that CO ion with big mass may carry out many incidence, compared with the former, a high etch 
rate is obtained by leaps and bounds. Since the source 1 of the plasma mentioned above carries out 
magnetron movement of the electron, it can form the plasma of such high density easily. 
[0037] 

[Example] Next, the example of the etching method of the above-mentioned operation gestalt is 
explained. First, the nickel-Fe alloy thin film was created by sputtering on the silicon wafer, and the 
thing in which the mask pattern made from titanium was formed on this was used as an object 9. The 
thing of the first operation gestalt was used as equipment. The object 9 was held on the object electrode 
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holder 4, and the temperature was maintained at 150 degrees C. And it is CO gas by the gas feed system 
3 20SCCM(s) (SCCM is the flow rate (cubic centimeter) of the gas in 0-degree-C one atmospheric 
pressure), and NH3 Gas was introduced in the processing chamber 2 by the flow rate of 20SCCM(s). 
Moreover, the inside of the processing chamber 2 was maintained to 0.8Pa by the exhaust air system 2L 
In this condition, by RF generator 13 for plasma, the RF of 13.56MHzl500W was supplied and it etched 
by forming the plasma of the density of 1x101 lcm-3. Consequently, the nickel-Fe alloy thin film was 
etched at a very high speed of about 80nm/minute. Moreover, the etch rate of the titanium which is a 
mask is about [ of the etch rate of a nickel-Fe alloy ] 1/9, and the result of having excelled also in respect 
of selectivity was obtained. After etching, even if it left it for two weeks under atmospheric air of 40% 
of humidity, the after corrosion was not generated. 

[0038] Moreover, as another object 9, the FeN thin film was created by sputtering on the silicon wafer, 
and the thing in which the mask pattern made from titanium was formed on this was used. As 
equipment, the thing of the first operation gestalt was used similarly. It is the flow rate of 170 degrees C 
and CO gas about the temperature of this object 9 35SCCM(s) and NH3 The pressure in 50SCCM(s) 
and the processing chamber 2 was set to 0.4Pa for the flow rate of gas, and it etched by the RF of 
13.56MHz3000W by forming the helicon wave plasma of about [ 5x101 1cm - ] three density. 
Consequently, the FeN alloy was etched at a very high speed called a part for 130nm/. 
[0039] Furthermore, as another object 9, the nickel-Fe-Co alloy thin film was created by sputtering on 
the silicon wafer, and the thing in which the mask pattern made from titanium was formed on this was 
used. The thing of the second operation gestalt was used as equipment. It is the flow rate of 150 degrees 
C and CO gas about the temperature of this object 9 20SCCM(s) and NH3 The pressure in 70SCCM(s) 
and the processing chamber 2 was set to 2.6Pa for the flow rate of gas, and it etched by the RF of 
13.56MH800W by forming the magnetron discharge plasma of about [ 2x101 1cm - ] three density. 
Consequently, the nickel-Fe-Co alloy was etched at a very high speed called a part for 90nm/. 
[0040] The magnetic material etched in the invention in this application is not limited to what was 
mentioned above that what is necessary is just nickel, Fe, Co, the alloy that contains at least one among 
these, a nitride, an oxide, or an intermetallic compound containing these one. For example, it can 
constitute so that magnetic materials, such as the Sendust alloy (Fe-aluminum-Si alloy), an amorphous 
alloy, and a granular alloy (Co-aluminum-0 alloy), may be etched. 

[0041] Moreover, if the plasma of three or more [ 1x101 1cm - ] densities can be formed even if it is 
except what forms the helicon wave plasma mentioned above, or the thing which forms the magnetron 
discharge plasma, the thing of other configurations can also be used for the source 1 of the plasma. For 
example, the ECR (electron cyclotron resonance) plasma is formed. Furthermore, as a use of an etching 
process, a micro transformer besides manufacture of the thin film magnetic head, manufacture of a 
micro magnetic circuit, etc. which were mentioned above are mentioned. 
[0042] 

[Effect of the Invention] According to the method or equipment of each claim of this application, 
compared with the former, an etch rate improves by leaps and bounds, and serves as a practical 
configuration which can also etch a thick magnetic thin film in a short time as explained above. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the transverse-plane cross section showing the outline configuration of the plasma 
etching system which is the operation gestalt of invention of claim 2 and claim 3. 
[Drawing 2] It is drawing showing the experimental result investigated about the relation between an 
etch rate and plasma density. 

[Drawing 3] It is the transverse-plane cross section showing the outline configuration of the plasma 
etching system which is the operation gestalt of invention of claim 2 and claim 4. 
[Drawing 4] It is drawing explaining frame plating as conventional technology. 
[Description of Notations] 

1 Source of Plasma 

2 Processing Chamber 

3 Gas Feed System 

4 Object Electrode Holder • 

5 RF Generator for Bias 
9 Object 
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[Drawing 2] 
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[Drawing 3] 




[Drawing 4] 
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7St/-S?ft^ll<53ig^^fX£0y^XT^ 1 X 1 0" c 

x -y * v iff % c t £1# m 1 1 * Ittttflcx y * > ^ 

^-5«*SLtcne»©^X«y7Xv* l x l 0" c 
Sfl3»t>L<fcMMb«k Xt4. cwo'KKt 

9li:1-5^7X-7iyfy XgB„ 
[it«3] MlBX^XvSitt, 'N'JavjfcX^Xv 

fcf&s-r s t cT?«s c t *®mt? zm&m 2 fana^ 

^Xv^r^fig-T S & ©T* 3 c £ %#SS[ £: "T 5 Si*! 2 
[000 1] 

[0 0 0 2] 

7 U-A U->'X 1- 9 0 l^flgfiKl, (04 (1)), 7U 

2*J&#T3o (04 (2) ) . ^L-T, AUS? 
X h 9 0 1 OrtilOiKttW^9 0 2^r®7<fc'5tCLT± 
asU5>Xh9 0 3*«jS-r« (04 (3) ) . C ©«MS 
T'X <y =f-W&X- 'i'x.y hl7? , yi ? LT7L' — AU - 7 
X h 9 0 1 Qj>lM0tttt«l8t9 0 2*Rft*U *-«>&± 
SPU^X h 9 0 3W7 U-A US>X h 9 0 1 Srpjgt-r 

nS (04 (4) ) „ 

[0 0 0 3] COi547W A;*>y*i£fc:2*LT«\ 
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-y*j£THiJP(^7 U-AU->*X KDJ&iKtfi&gTNfcS 
tfs flttntt' ^ - Vt? « t ©Jg«*«HII t * * *»S T« 

[0 0 0 4] C(D£vftVim.(Dt>t, Ktt»H«F?W 
X -y >X8HC <fc t) 1S« X -y LT0i£O'<*- V 

yo T**5„ 0tRfcf, 7';l/drvA*x«)X-7X- : <'7b-'?>i'^-v^ 

C«<fc5*?^fcMfcJlX«y^:yXC*<6t), Ti^X^ 

[0 0 0 5] fCT\ {fc^X-yf-V^LT, SSttf 
tyi-yfy^ (Reactivelon Ecthi 
ng, R I E) ^rCOifflOKtt^OX-y^V^lcjS 

itscitfttwsnn^. r i EiczzMfettno 

20 X-y^vXlCOl^Tfci:, J. Vac. Sci. Techno 

I. A4(4). 1841 (1986)-^ Appl. Phys. Lett. 67(21). 
3194(1995)7?^$tlTt/^o L^Lft^S^ en?.© 
Set'li, X-y^V^JiSttl 0nm/^tXTtffi^„ 
[0 0 0 6] g^lCftoT, Appl.- Phys. Lett. 71(9)1 
255(1997)3^ mmJiX*m^2>C tlC&QN i-F 
e^OX-yfV7llfi3 0 0 n m/#ff»5*lfcW# 

sj^^nr^So b*»ba««&, ffi^*rxic«taaiis« 

i^©X-y^V^7?l±, 77?-3D->"3V3$Dgffi 
fCffi^^gf S C t tc <t SSI^CWffl*^^ Ld^T* 
30 M„ 77^-3D-73yti, x-y^->^»czkT8fe 

[000 7] 77^-30-^3 >«)J10i:^5^- 1 f' 
7y«^*fflfflb*lr'"bOi:bT«, #ffm2 6 7 7 3 
2 1 ^ffitcffl^tlfc/aisS^feS. CCiiSTli, - 
^{tJ^ig (CO) tTl/^-T (NH3 ) ^S-&Lfc:** 

«3 5nm/^ C o-C r^OX'yf yy , ifi2 

4. 4 nm/»^n ; ? ? nf#e.nr=:t$nTi,^s„ 

40 [0 0 0 8] 

[S£W*'fi?StL J; ^ £ T5HM] ±xELfc «t ^tc, CO 
tNHs otg-&yjX^ffli'>5<i^T\ 77^-nn-7 

ci: tmmv&&. ^-<^x-y^>^isaE 
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t>L<a*{fcto, xttx c^<0'>%< t*>— z>*tsts 

Xvfcl x 1 0" cm-»JK±<&8fSra&8LT, BUlBfi3E 
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[0 0 10] 
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^E^t?fei«^S<7)^Xv*^^T'*St.<Ot LT& 
BSttT^S. 'NUnvi^y^X'Tfc^Sx^;^- 

«*<0T\ «?l±'NU3VigfrC,a^Wk:*P)iSnTx 
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nr^So iWteSggi ia, — WBBPT*St)fS«S^ 
f-nrtiv, R«f»s»i i«-ffi«pjpi:ii<D±iia)5 

20 ©|»Pfc*^***<k3fc:LTWtf*88§l 1 WfflS 

[0 0 1 4] X^XVffllSSiSajgl 314, fi&Rffl 
3. 5 6MH zCiSJliS^r^S-frSfcO^fflStl 

ftTVS. 7Vrtl 2t4KS{*^g§l 1 ©MrtflRlten 

i 2 i Ti^tgisnti^ 0 
30 [oo i 5] -/^x^m^nnui sty^i- 1 zt 

yft 1 2 };:«*&5nfcfig, -ocOT'V'x-M 2fc{4S 
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[0 0 16] Sfc, JK51 414, '\U3>'&©iifi : ?3l5j 
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■5#t/££:h.T^So .fcOJIteWfcli, flJAfcfl. 6MH 
z-^13. 5 6MH z@S«^ig$St<9t<9*VW7'Xffl 
WH«««5tbTWai»!:ffifflRlfli-C»*o H» 
/^^7X*JK09JAn<Ofe46fc{±, «*»9tfiBMWteT 
-Xfr£88ili;*ftS&g#<&t>, CCDfzib^ /U7Xffl 

EB^rtiSif-a-tf&S. j^*Sj*;V'^-4rt»ctt x 

tc$ijffli-rssaMffl]«s«4 lAiit^x^s. *u 

T> 3t*^9i:W*^;i/^"-4co±a^«p t g^, He 
[0020] #»c, mim 1 ©BttttfiOXy f-V^ 

t?£&> BfbfcfclXttBMfctts X«, Cft50'J>ft< 
t^So CCi5ftjM!»9B, m^E^fc^»snTv> 

^coy- wvi/xam^T^%9jt><&s^* 
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X^X^igl aWtLTX^XvtfJg^ftS,, BP*. 
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[0 0 2 3] iEillftlc43tt5lyfyyo^*-XA 
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[0024] — yfr>w n/vi/hicl^iii; 
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X^Xv^coi'^>'(DA*f^d;- 3 T^ 
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Ktf^fcfcttSxy^v^ttjSsn*. r^S. cco^© 
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[0 0 2 8] ^ :/^Xvffla#^{fcrr&£, 
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50 «j««tlT^8 0 y^XvJiHi. v^Fnytil 
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[0034] v^hDvfii 6ti, fi&fotvl/jt— 
4k:»iRi , r*J:5»»Stife««tRi 8i, WfiKi 8 
Off«lc»»6nft«Ea-y h 1 9 tfr6*«Stit 

i^&o »5a:^y H9ii, tt«©ti«ei 9 i 

*4>fi85 1 9 1 *KDHtyHttOSaaS 1 9 2 * 
iMSffil 9 1 RUmmWE 1 9 2 ££:K<*3-^ l 9 3 

«5a-y h 1 9«*wy*hpy«gi 6 

ns»&fc*So srwra«i 7 tea, 

ft^IJWB^ffl^nSo 9 1 £J9H«5 

1 9 2fc*>BBfc:fcJ\ H3te:*'rJ;5a«*rJ»i 94W 

ttfil 6©(tt©JH5fc:j||«k:a3S:ofcttl»-e*So 

[0035] H3»cs , r«iBo»fffc:'3ir>T«wra 

fc, ^7X^A^3tcJ;^TC0^7X&t/NH3 #X^m 
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mism ««ag 5 tc o r * ; w 7 & 
ft, ^ty^»c);<aiicAI^§o 
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U ^Sg^l 5 0°Ctc^Ufc o fLT, #X»A 
3fc3lc£oT. CO^20SCCM (SCCMtiO 
°C 1 »BET*0»fluD8ft« (3i7^fe>^;rf-h;I/).) , N 
Ha #X£:2 0 S C CM^MT«fty^"2^^ 
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^ITX^fy^Tofco 8 0nm/»i 
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V^Sftfc. *fc. VX^T*&5^><9x^:/^)§ 
«fcl\ N i -F e^OX^^>^)lfi0 1/9gjgT 

70 m&A o%<n±%y\c2mmim\,x*>77Z-- 

[0 0 3 8] Sfc. BU<0*f*«f9£LT, ^^^i 

<D±\c* 2 -ym<V ^X * / S*— >*}BjSK Lfc cQtfJB^ 

^ffl^tlfco c^ftf9(?)igg^l 7 0°C, COtfX 
OgRfi^3 5SCCM, NHa #X<E>8K«*5 0 S CC 
M, £lS^>v^2rt<7)JE;^0. 4Pa^U 1 
3. 56MHz300 0 \N<DMM&fc oT 5X1 0 n 

Tl^Mg^F e N^tfx^>^2tl7co 
[0039]'?^ SiJ<0^!ft9£LT, S/'J3V> 
x-AiiCN i -F e-Co^llW^U^ 

m^feo^ffl^n^o c^»9«^i so 

°C, CO#XOffil^2 0SCCM, NHs 2fX<D»Ui 
£7 0 S C CM, «Bl^-v^^2rtfiDJBE**2. 6P 
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